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Abstract 
Among all human activities contributing to climate change, the construction and operation of buildings is among 
the most energy, pollution, and resource intensive. Building and construction activities consume significant amounts 
of raw materials each year. Materials utilized in buildings have high-embodied energy, high-embodied emissions, and 
high levels of toxins and pollutants at the end of their production. Given the size of the building industry and its 
impact on the environment, educational practices that help future professionals in building design and construction to 
understand how to minimize the adverse impacts of buildings on the environment is paramount. The following paper 
presents the outcomes from a funded project by the U.S. Department of Education that supported an interdisciplinary 
team of faculty to develop and produce an educational platform comprised of software and a hard copy textbook 
developed for advancing climate responsive and energy efficient building design. The paper will discuss and present 
the project, the pedagogical principals and the testing results.  
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1. Introduction 
The American building industry is one of the major consumers of energy. Buildings use 48% of the 
total energy consumed in the United States, significantly impacting national energy demand and 
contributing to climate change. Unfortunately, the vast majority of architectural practice in the United 
States leads to construction of buildings with little concern for sustainability. The result of this has been 
the production of buildings, which contribute to further environmental degradation.  
Although the bulk of architecture practice continues to produce unsustainable buildings. There is a 
growing stream of exemplary models of sustainable design. Recent research in building design based on 
an in-depth examination of such practices indicates that the most resource efficient, best performing and 
environmentally sustainable building projects are designed utilizing ‘integrated practice’, in which the 
various disciplines involved in a project work together at the conception of the project to improve the 
overall building performance [1]. A consideration of suitable building systems, gauging their interaction, 
and proposing well integrated systems can lead to producing efficient models of sustainable buildings.  In 
addition, advances in computing and simulation algorithms are paving the way to achieve ‘integrated 
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design’. These technologies are enabling the designers to collaborate, visualize, foresee, and modify 
building performance with a high level of accuracy. They are increasingly used to analyse complex 
systems to achieve streamlined structures, reduce dependence on mechanical systems, produce more 
effective construction processes, and reduce waste. If such practices were to become widespread, 
architectural, building design and construction education needs to be restructured. Though large-scale 
reform of these curricula is a complex, on going, and difficult debate; producing teaching tools to 
improve technology education and simulate integrated practice can impact and promote an understanding 
of sustainable practice in building design.  
The project described here, “Building Literacy: the Integration of Building Technology and Design in 
Architectural Education” was funded by the US Department of Education, the Funds for Improvement of 
Post-Secondary Education. The Project has developed an educational platform comprised of interactive 
software and a hardcopy textbook entitled “Best Practices for Sustainable Building Design”. This 
platform is designed to help architecture and building design students to better understand the application 
of technological principles in buildings and gain adequate knowledge for designing Carbon-Neutral 
buildings.  
Furthermore, the project intent has been to improve student knowledge of how the integration of 
various building systems can enhance energy efficiency and sustainability of the built environment. This 
has been accomplished by harnessing the capabilities of a variety of digital applications such as 
simulation programs, dynamic modelling software, and graphic tools.  
2. Project Approach 
The project development was based on a few pedagogical principles. The first principle was that a 
self-directed learning model provides a better venue for learning. Studies show that the passive lecture 
format or ‘instructional paradigm’ where the teacher lectures and the students listen may not be the most 
effective setting for learning. Instead, numerous educational researchers have focused on developing 
student centered learning environments based on a self directed learning system which provides 
educational materials that are highly interactive, task oriented, and enable students to control the pace of 
their own learning. Raschke explains that “…learning, or teaching for that matter, is optimized whenever 
the inquiring mind is turned loose on a set of tasks or aims, rather than simply loading the brain with a 
carload of prefabricated materials.” [2] 
The second principle is that building technology education should facilitate design problem solving. 
This approach requires the integration of technology at the outset of the design process. Research shows 
that integration of technological considerations with design and the early stages of the process lead to 
more efficient and sustainable buildings.  As improved energy conservation and sustainability of the built 
environment are becoming more critical, the technology integration needs to become a central issue in the 
architectural curriculum.   
Third principle is that teaching/learning tools should be designed for the needs and capacities of 
architecture and building design students, using methods that are visually and spatially oriented. 
Additionally, the content is best understood when referenced to existing building systems, showing how 
subcomponent analysis relates to the broader issues of building design. Lastly, is that modern building 
design and construction is complex and collaborative, requiring the skills of a number of distinct 
professions, including engineers. Although architecture and engineering are two dissimilar disciplines, 
they must work together due to the vast array of aesthetic and technical needs of the modern building [3]. 
Clear communication between the architecture and engineering professions is essential in order for the 
architect to effectively lead the design and building development effort. 
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3. Project Development 
The project addresses a number of critical national issues as it aims to significantly improve the 
effectiveness of teaching sustainable and energy efficient design within architecture programs across the 
nation. The Building Literacy pedagogy is designed to increase students’ comprehension, problem solving 
capacity, and most importantly, ability to apply learned principles to building design.  The impacts of 
improving architectural technology capacity could be profound. First, given the size of the built 
environment as an energy and materials consuming sector, raising architectural capacity to design more 
efficient and sustainable buildings will have a significant impact on national energy consumption. Given 
current geo-political conditions, taking important steps to improve national energy independence has 
become a national security issue. Second, practicing architects will be faced with lower in-service training 
costs. With better -prepared graduating students, architecture firms will not have to incur the costs of 
providing technical training to new hires.  
Lastly, the instructional model utilized by Building Literacy promotes a self-directed form of learning, 
which not only is more effective than traditional methods it also offers greater efficiency in terms of use 
of faculty resources. With less reliance on a traditional lecture based instructional model, the quality of 
instruction can be more consistent, as it does not have to rely exclusively on the capabilities of the 
instructor. 
The project development posed a few challenges. The most significant challenge was to address the 
integration issue by demonstrating the interconnectivity of building systems and their impact on each 
other. For example, how the selection of a certain type of heating and cooling system will lead to 
maximum efficiency when combined with a particular structural system, or how the choice of a specific 
structural system can affect the levels of natural lighting within the space and therefore impact the 
building’s energy consumption.  As there are a vast number of building systems choices and a great 
number of combinations possible, leading students to learn about optimized solutions with so many 
variables seemed a difficult impossible task to achieve. To face this challenge the team had to limit many 
variables and choose strategically for demonstration purposes.  
Another significant challenge was the complexity of the architectural design process itself. Designing 
a building evolves a wide range of social, cultural, aesthetics, economical, and political concerns. 
Analysing and teaching building design from a technological aspect only presented a problem to the 
project team. The problem is that a sustainable, well-integrated building could be among one of the worst 
socially and culturally conceived buildings and may not work for the occupants at all. Although the team 
had to make a decision to deliberately exclude all these other factors and limit the project expression of 
architectural form within the tool, the issue continued to present itself in many of the team’s discussions.  
And finally, developing the software tool required working with a numbers of disciplines for creating 
content that was appropriate and adequate for architecture students. This required continuous meetings to 
familiarize the engineering disciplines with the needs of architecture students and their skills. 
Organization of the content from various discipline areas under one umbrella and providing instantaneous 
access to the vast amount of information occupied a significant amount of the project efforts.  
 
4. Best Practices for Sustainable Building Design  
  
This software and its accompanied textbook “Best Practices for Sustainable Building Design” is the 
main product of the project and deliver the various disciplinary educational contents in one interactive 
and comprehensive package. [4] The software interface harnesses the capabilities of advanced media to 
help students to visualize and engage with concepts that may otherwise be too ambiguous or difficult to 
comprehend in the traditional book format.  The interface utilizes hyperlinked text, interactive diagrams, 
animations, analytical data and graphical exhibits to demonstrate and deliver the content interactively.  
The hard copy textbook component offers additional information in graphical and tabulated format. 
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The software is composed of lessons in seven content areas of Building Form, Building Envelopes, 
Building Structure, Climate Control Systems, Renewable Energy, Natural and Artificial Lighting, and 
Landscape Design.  Each of these content areas is subdivided into learning modules that introduce the 
subject matter and investigate the related sustainability issues and strategies. A brief summary of these 
content areas is provided below. 
 
4.1. Building Form 
 
Building form has a critical impact on the energy consumption and sustainability of the built 
environment. A building’s environmental performance in relation to its formal configuration can be 
determined based on a number of factors including plan geometry, surface area to volume ratio, 
orientation, access to natural light, natural ventilation, and the location of the structural core and 
circulation spaces. The software interface addresses these issues in each of the climatic zones of 1) Hot 
and Humid, 2) Hot and Arid, 3) Temperate and 4) Cool. 
 
 
 
 
Figure 1: Screen shot showing thermal performance of a C shaped building in a cold climatic zone 
 
4.2. Building Envelope 
 
The building envelope is the primary interface of a building with the exterior surroundings and as a 
result it plays a critical role in energy management and sustainability of the built environment. 
 
 
 
 
 
 
 
 
 
Figure 2: Screen shots showing the components of a) shaded façade and b) a photovoltaic facade 
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The proper selection of walls, roof and floor systems, construction materials, and a rigorous 
detail development of connections and structural joinery are important components that can reduce 
dependence on mechanical climate control systems and serve as effective energy saving strategies. 
 
4.3. Building Structures 
 
Selection of structural materials and systems for buildings is often based on material efficiency and 
reducing the structural components to the smallest possible size without compromising safety. Although 
this process promotes effective use of natural resources, other strategies that utilize materials with high-
recycled content and reduced impact on the environment are significant ways in which the structure can 
become more effective in reducing the buildings’ carbon foot print.  The study of structures in is divided 
to 1) Structural materials and their properties, 2) Horizontal Spanning Systems, and 3) Vertical Spanning 
Systems. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Screen shot showing a one-way concrete floor system 
4.4. Climate Control Systems  
 
Designing resource efficient buildings with active, passive or hybrid means of achieving comfort 
requires a thorough understanding of climatic conditions, building occupancy types, and the availability 
of energy resources.  Although there is a wide range of mechanical means for controlling the interior 
conditions of buildings, they present significant drawbacks to the natural resources and the environment.  
While it may be unrealistic to completely move away from the active methods for climate control, 
investigating passive means of heating and cooling buildings are becoming increasingly critical. The 
software categorizes the passive climate control systems into: 1) Natural Systems, 2) Solar Heating, 3) 
Passive Cooling, 4) Phase Change Materials, and 5) Building Insulation. The study of active climate 
control systems includes, 1) Production Systems, 2) Distribution Mediums, 3) Distribution Methods and 
4) Recovery Systems. 
 
 
 
 
 
 
 
 
 
 
Figure 4: Screen shot of an animation showing Eutectic phase change material (PCM) cycle 
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4.5. Renewable Energy 
 
Fossil fuels are non-renewable as they draw on finite resources that are diminishing. These fuels are 
becoming increasingly more expensive and produce irretrievable damage to the environment. In contrast, 
renewable energy resources are constantly replenished and their capacity to replace conventional fuels has 
significantly increased during the past decade at the global scale. In its various forms, renewable energy 
sources include natural elements such as sunlight, wind, tides and geothermal heat. Energy harnessed 
from these elements can be used to produce electricity, heating and cooling energy for buildings 
operations. The software investigates renewable energy in five modules of 1) Solar Thermal Convection, 
2) Photovoltaic Systems, 3) Wind Energy, 4) Geothermal Energy, and 5) Energy Storage Systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Screen shots from animations showing a) solar thermal conversion and b) Geothermal Power generation process 
 
4.6. Lighting 
 
Over the last decades architecture has embraced natural lighting as an important component of 
healthy, energy efficient, and inspiring aspect of sustainable building design. A bright, ambient living 
space or workplace can improve quality of life, improve user productivity and reduce buildings’ lifecycle 
cost, while minimizing the adverse impacts on the environment. However, using natural light as the only 
source of illumination is not always possible and various levels of artificial lighting are often required. 
The use of artificial lighting in buildings can account for a significant portion of the buildings’ electric 
energy consumption. Using artificial lighting strategies such as new emerging sensor technology, efficient 
lighting systems, as well as lighting control devices, can reduce the electric energy demand significantly. 
This section therefore divides the study of light into natural lighting and artificial lighting. The software 
organizes the study of natural lighting into eight modules; 1) Day Lighting, 2) Glazing, 3) Climate zones, 
4) Side Lighting, 5) Top Lighting, 6) Light Shelves, and 7) Light Redirection Systems. The Artificial 
lighting modules include; 1) light sources, and 2) zoning by light. 
 
 
 
 
Figure 6: Screen shot showing the concept of light transmittance through glass 
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4.7. Landscape Systems 
 
Landscape elements and systems can have a major impact on energy and resource management. 
Through the proper understanding and usage of landscape design, remarkable reductions in non-
renewable resources consumption can be realized within a building and in its surrounding site.  Therefore, 
landscape design should be considered as an essential and integral component of a holistic approach to 
sustainable building design. The software Interface organizes landscape systems into two major segments. 
The first segment, Thermal Efficiency, concentrates on the effective use of landscape elements to mitigate 
climatic conditions in building projects. The segment is comprised of three modules; 1) Solar Heat 
Moderation, 2) Thermal Insulation, and 3) Wind Protection/Control. The second segment of Hydrological 
Efficiency, examines the methods by which landscape elements can affect the use of water in building 
projects.  The segment is divided into three modules of 1) Water Conservation, 2) Run-Off Mitigation and 
Pollution Control, and 3) Wastewater Treatment. [5] 
 
 
 
Figure 7:  Screen shot showing the impact of canopy shadings on a building in winter and summer 
5.  Project Evaluation 
 
The project evaluation was a requited aspect of the funding from the U.S. Department of Education.  
The project had both formative and summative components. The formative component collected 
responses from the project team, faculty, and student participants during the project development phase 
and beta testing. This information was used to provide feedback to the team in order to improve the 
project.  
 The summative evaluation measured the effectiveness of the software by analyzing comparative 
student performance. The evaluation was conducted as parallel studies with 167 student participants at the 
State University at Buffalo (UB) and Florida International University (FIU). The project was assessed 
based on a series of entry and exit tests, and was analyzed by proper statistical methods. In summary, the 
results showed all experimental groups exposed to the software pedagogy and tool displayed statistically 
significant improvement between entry and exit test scores, while the control groups not exposed to the 
tool showed no significant improvement. The UB experimental group saw an average 6.7 percentage-
points increase in scores between the entry and exit test. At FIU, the experimental group average score 
improved by 7.1 percentage points between the entry and the exit test. The project evaluation methods 
and details including data gathering and testing methods have been published as a conference proceeding 
and as journal paper. (Özer, 2011and Vassigh et al, 2012). [6] 
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5. Closing Remarks  
The project outlined here describes a pedagogical platform designed to teach basic energy 
conservation and sustainably concepts for designing energy efficient and carbon-neutral buildings.  As 
education lies at the core of our professions, it is hoped that learning how to properly design buildings 
will permeate to the real world of practice. By utilizing new opportunities offered through digital 
applications such as simulation, animation, and visualization technology, the educational material can 
become more effective. It is our hope that this project can be considered as one of the initial steps towards 
creating a roadmap for others in pursuing sustainability of the built environment. 
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